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ADSTRACT 

COMBINED  ENVIRONMENTAL  STRESSES  AND 
MANUAL  DEXTERITY 


OBJECT 

Much  of  the  field  maintenance  work  performed  by  Army  personnel 
is  done  under  conditions  of  environmental  stress.  The  sources  of  these 
stresses  are  v  Tied  and  the  precise  tasks -numerous.  The  purpose  of 
this  research  was  to  develop  a  task  representative  of  the  field  mainte¬ 
nance  problem  and  then  investigate  the  effects  of  3  stress  sources  on 
efficiency  at  this  task. 

RESULTS 


A  test-retest  reliability  measure  indicated  that  the  task  used  was 
a  highly  reliable  measure  of  mechanical  dexterity.  Mechanical  dex¬ 
terity  was  significantly  depressed  by  stresses  of  low  temperature,  in¬ 
tense  sound  and  low  illumination.  The  effects  of  temperature  and  noise 
stresses  on  kinesthetic  judgment  (muscular  control)  were  significant 
and  appeared  to  be  cumulative;  while  low  illumination  had  no  apparent 
influence  on  kinesthetic  judgment  and  the  detrimental  effects  remained 
constant. 

CONCLUSIONS 

A  reliable  measure  of  motor  skills  can  be  obtained  with  a  task 
which  closely  simulates  line  maintenance  conditions.  A  number  of 
representative  environmental  stresses  act  to  depress  both  speed  and 
accuracy.  Length  of  exposure,  is  /ell  as  intensity,  is  an  i*  ->ortant 
determinant  of  behavior  changes  ur.der  stress. 

RECOMM  ENDATIONS 


That  provisions  be  made  for  systematically  relieving  workers 
who  are  exposed  to  stresses  such  as  extremes  of  noise,  temperature 
and  illumination. 
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Research  should  be  extended  on  combined  stresses  to  include  more 
extensive  sampling  of  stress  values  and  less  gross  measurements  of 
stress  effects.  Attempts  should  be  made  to  develop  means  for  allevi- 
ating  "generalized"  stress  reactions. 
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COMBINED  ENVIRONMENTAL.  STRESSES  AND 
MANUAL  DEXTERITY 


I.  INTRODUCTION 

The  sources  of  physical  discomfort  to  the  line  maintenance  worker 
are  numerous.  When  extreme,  these  stresses  interfere  with  efficient 
performance  of  the  maintenance  tasks.  It  is  important  to  know  some¬ 
thing  about  the  characteristics  of  the  reactions  that  can  be  expected  to 
these  stresses,  particularly  in  the  combinations  most  frequently  en - 
count ‘13d.  Questions  of  stress  imr  "action  and  cumulation  arise  in  this 
regard.  Actually  very  little,  if  any,  data  are  to  he  found  on  the  effect 
of  combined  stresses  on  the  types  of  motor  skills  that  are  typically 
used  in  maintenance. 

The  literature  pertaining  to  the  effects  of  environmental  stresses 
upon  human  motor  behavior  has  been  contributed  largely  by  those  who 
are  interested  in  the  effects  of  climatic  factors  (1  through  16).  Ambient 
cold  and  heat  act  directly  on  the  hands  of  the  human  operator  and 
should  be  expected,  therefore,  to  bear  a  close  relationship  to  manuu-1 
performance  and  dexterity.  Low  temperatures  almost  universally  ac.. 
to  reduce  efficiency,  provided  the  measures  are  sensitive  enough  and 
the  temperature  departures  extreme.  The  high  temperature  range  data 
are  less  clear  cut. 

There  is  little  doubt  that  some  sort  of  psychological  stress  reaction 
accompanies  the  effect  of  direct  cold  upon  the  hands  and  body  and  this 
generalized  internal  discomfort  is  here  postulated  to  arise  f»  o m  any 
extreme  form  of  environmental  stimulation.  If  it  is  reasonable  to 
assume  that  at  least  part  of  the  effect  of  cold  ■> tress  comes  from  in¬ 
ternal  stress  reactions  that  are  independent  of  direct  influence  upon 
hand  movement  dexterity,  then  by  submitting  a  subject  to  stresses  not  di¬ 
rectly  related  to  the  performance,  a  test  for  the  existence  of  a  generalized 
internal  stress  effectcanbe  made.  Forexample,  there  is  no  direct 
physical  relationship  between  the  effect  of  high  noise  exposure  and  manual 
dexterity,  so  that  if  an  effect  is  shown  it  must  be  attributed  to  some  in¬ 
ternal  debilitating  stress  reaction  Likewise,  if  the  tlluminatio" provided 
over  a  work  area  is  reduced  toana."  on  it  that  will  permit  adequate  visual 
discriminations,  but  low  enough  to  hr  annoying,  another  source  of  general 
internal  stress  not  directly  related  to  the  performance  task  is  created. 
The  additional  use  of  the  temperature  variaole  in  a  singlr  experimental 
setting  would  permit  a  rough  comparison  of  these  generalized  stress 
inducers  with  a  stress  source  directly  related  to  motor  efficiency.  The 
present  experiment  was  designed  to  shed  light  on  these  issues. 
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II.  EaPERJMENTAL 


A.  Subjects 


Forty  male  army  personnel  from  a  variety  of  Fort  Knox  units, 
including  a  few  personnel  frot.i  this  laboratory,  were  used  as  subjects. 
Due  to  the  very  fundamental  character  of  the  task,  no  major  selection 
criteria  were  required.  Subjects  were  assigned  randomly  to  the  8 
experimental  conditions. 

B.  Apparatus  and  Methods 

Training  and  post-test  sessions  took  place  in  a  room  that  was 
connected  to  the  air-conditioning  and  heating  plant,  lighted  by  overhead 
flourescent  bulbs  and  free  of  unnecessary  noise.  It  made  a  suitable 
stress -free,  "neutral"  environment.  Test  sessions  took  place  in  the 
experimental  cold  room. 

The  task  is  one  involving  a  variety  of  motor  skills  ranging 
from  gross  muscular  behavior  to  fine  kinesthetic  adjustments.  At  the 
first  training  trial,  the  subject  was  given  a  general  picture  of  the 
purpose  of  the  study,  shown  the  tools  available  to  him  and  told  to  go 
through  the  task  step  by  step  with  the  help  of  the  examiner.  He  was 
assured  that  the  first  trial  was  a  demonstration  only  and  that  no  timing 
was  involved. 

The  task  began  with  the  removal  of  the  4  cotter  pins  which  had 
been  run  through  the  larg-  bolts  on  the  top  plate.  A  pair  of  long-nosed 
pliers  was  supplied  for  this  purpose.  Next,  the  4  large  and  4  medium 
sized  bolts  were  removed  with  a  large  crescent  wrench  and  the  ton 
cover  lifted  off.  Because  the  large  bolts  were  welded  to  the  tnder  side 
of  the  plate  it  was  unnecessary  to  grip  them  from  below  in  oraer  to 
remove  the  nuts. 

The  next  part  of  the  task  (Fig  1)  involved  removing  the  middle 
plate.  The  4  medium  sized  and  sir  alleT  nuts  and  bolts  were  removed 
by  raising  the  trap  door  at  the  mu  d'._-  of  the  plate  and  reaching  under 
to  hold  the  bolt  while  turning  the  nuts  with  the  smaller  crescent  wrench. 
Removal  of  the  middle  plate  exposed  the  floor  plate.  A  total  of  7 
numbered  t*sks  confronted  the  subject  at  this  point.  First,  .he  small 
•metal  covering  plate  in  the  middle  of  th'  base  plate  was  tak<  n  away  by 
removing  the  4  screws  with  the  Phillips  screwdriver  provided.  This 
exposed  to  the  subject  a  rnetal  rule  with  2  marks  on  it.  The  task  was 
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to  pull  the  spring -mounted  pointers  to  the  point  where  each  was  above 
one  of  the  markings  and  fix  them  there  with  a  set  screw  and  nut.  Next, 
the  subject  had  to  make  a  micrometer  measurement  at  the  tips  of  Z 
posts.  He  was  not  required  to  read  his  own  setting.  He  simply  set  the 
micrometer  and  passed  it  to  *he  experimenter  who  recorded  the  setting. 
Next,  the  subject  turned  a  knob  through  a  prescribed  arc  and  attempted 
to  set  it  at  a  point  which  bi-sected  that  arc.  The  mechanical  con¬ 
struction  of  one  of  these  knobs  is  shown  in  Figure  1.  There  were  2 
other  micrometer  measurements  and  2  othe-  arc  bi -sections  facing  the 
subject  on  the  base  plate  before  ■'I...'  first  phase  of  the  task  was  completed. 
The  micrometer  tasks  and  arc  bi -sections  were  employed  to  bring 
tactual  and  kinesthetic  processes,  respectively,  into  the  situation.  In 
all  there  were  3  micrometer  settings  -  narrow,  medium  and  wide  and 
3  arc  bi -sections  -  50°,  100°  and  200°.  The  order  in  which  these  tasks 
were  to  be  done  was  shown  in  the  numbering  on  the  base  plate  beside 
each  task. 


It  should  be  noted  that  although  the  micrometer  measurements 
were  retained  throughout  the  experiment,  the  tendency  of  subjects 
to  collide  with  them  while  working  at  the  task  kept  them  out  of  a 
constant  adjustment  so  that  the  data  from  them  was  not  used  in  the 
analysis.  However,  the  fundamental  idea  behind  this  task  seems  to  be 
a  good  one  and  it  will  be  used  in  subsequent  work,  but  with  protective 
guards  around  the  posts  to  prevent  the  problems  that  arose  here.  By 
employing  highly  uniform  knob  structures  and  painting  the  base  plate 
the  same  color  as  the  knobs,  the  use  of  visual  cues  for  successive 
settings  of  the  knobs  was  made  impractical,  so  that  muscular  sensations 
had  to  be  relied  upon.  This  data  was  retained. 

The  r  j -assembly  of  the  equipment  was  quite  straightforward. 
The  subject  removed  the  set  screws  from  the  spring -mounted  pointers,, 
pushed  them  aside  and  replaced  the  small  covering  plate  ever  the  scale. 
He  then  replaced  the  8  nuts  and  bolts,  holding  the  middle  shelf  in  po¬ 
sition,  wired  the  trap  door  closed,  and  then  replaced  the  8  nuts  on  the 
top  shelf,  putting  new  cotter  pi  s  i;  place.  The  presence  o*  mn  experi¬ 
menter  during  all  trials  assured  that  nut  replacement  met  the  criterion 
of  finger  tightness.  This  completed  the  total  task. 


Very  few  restrictions  were  placed  on  the  manner  in  which  the 
subject  went  about  the  task.  The  structure  of  the  apparatus  and  the 
available  tools  made  the  mode  of  attack  from  subject  to  subject  highly 
similar. 
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Before  the  test  sessions  began  for  a  subject,  his  auditory 
threshold  for  the  tank  noise  was  obtained  by  attenuating  the  signal  10P 
db  and  adjusting  the  sound  intensity  at  the  pre -amplifier  controls  to  the 
point  where  it  was  just  perceived  by  the  subject.  Then  by  removing 
specified  amounts  of  noise  attenuation,  it  was  possible  to  deliver  tank 
engine  noises  at  known  amounts  above  threshold.  The  2  intensities  used 
in  this  investigation  were  80  and  100  db  above  threshold. 

C  Experimental  Design 

Because  one  of  the  research  interests  in  this  study  concerned 
the  combined  and  interactive  effects  of  different  stress  types,  a.i  analysis 
of  variance  was  considered  the  best  design  for  the  problem.  In  terms 
of  test  conditions,  there  were  8  Experimental  groups --3  variables, 
each  varied  in  2  ways.  This  produced  a  2  x  2  x  2  design  as  shown  in 
Table  1. 


For  any  particular  stress  or  interaction  comparison,  a  total 
of  40  subjects  was  available,  20  in  each  group. 

The  post-test  trial  in  the  neutral  environment  produced  a 
measure  of  the  effect  of  the  test  trials  on  learning  and  a  reference 
score  for  comparing  performance  in  various  stress  conditions  with 
performance  in  a  neutral  environment. 

IIL  RESULTS  AND  DISCUSSION 


To  determine  the  reliability  of  the  measuring  instrument,  aPearsor. 
correlation  coefficient  was  computed  between  the  total  task  time  on  the 
second  and  third  trials  of  the  test.  The  reliability  coefficient  was  thus 
of  the  test-retest  type  and  yielded  a  value  of  4.  97.  This  is  exceedingly 
high  and  it  may  be  concluded  that  the  measuring  task  used  had  s  '  igh 
overall  reliability. 

Some  indication  that  the  various  experimental  conditions  were 
matched  was  needed.  This  i  ioi  nation  was  obtained  by  means  of  an 
overall  analysis  of  variance  o.‘  i  .ae  data.  The  average  total  time  for 
the  3  training  trials  was  chosen  as  the  most  representative  score  for 
this  purpose.  The  findings  of  this  analysis  are  shown  in  Table*  2  and  3 

The  F  ratio  is  lacking  in  significance.  This  establishes  the  initial 
performance  equality  of  the  various  groups  prior  to  testirg,  so  that 
any  differences  which  may  arise  under  the  experimental  conditions  of 
the  test  trials  can  be  attributed  to  the  stress  variable*  *nd  not  t<~  cny 
sort  of  sampling  bias. 
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The  most  representative  score,  average  total  time  during  the  test 
trials,  was  used  for  .he  basic  analysis  of  the  variables.  Tables  4  and 
5  present  the  results. 

The  effect  of  the  stressec  upon  performance  is  sho*n  in  the  analy¬ 
sis.  The  temperature,  noise  and  illumination  stresses  all  acted  to 
reduce  performance  in  a  very  significant  degree  when  considered  in¬ 
dividually.  There  were  no  significant  interactions,  however,  which  is 
to  say  tnat  the  individual  stresses  sc* ; d  independently  of  one  another 
in  affecting  the  manual  dexterity  of  the  subjects. 

Having  established  the  existence  of  rather  strong  effects  on  the 
speed  of  motor  behavior  from  3  different  sources  of  environmental 
stress,  a  question  arose  as  to  whether  these  variables  would  also  show 
an  effect  on  the  accuracy  of  the  responses.  The  experimental  set-up 
permitted  2  measures  of  motor  accuracy.  One  was  in  terms  of  the 
micrometer  measurements  and  the  other  the  dial  bi -sections.  As 
mentioned  previously,  interference  with  the  placement  of  the  micro¬ 
meter  posts  made  reliable  measurements  at  those  points  impossible. 
However,  the  dial  bi -sections  worked  quite  well.  Since  visual  cues  in 
this  task  were  reduced  to  a  minimum,  the  settings  were  taken  to  reflect 
kinesthetically  guided  motor  accuracy.  For  the  purpose  of  analysis, 
the  3  settings  of  the  3  dials  during  the  training  trials  were  compared 
with  the  3  settings  of  the  3  dials  during  the  test  conditions.  This  com¬ 
prised  9  measurements  per  subject  under  each  of  the  2  conditions.  As 
a  measure  of  dial  setting  reliability,  the  range  of  the  9  settings  during 
the  3  training  trials  versus  the  range  of  the  9  settings  during  the  test 
trials  was  employed.  The  pr:  „ise  tests  used  were  chi  squares.  The 
number  of  subjects  in  the  high  and  in  the  low  stress  conditions  on  each 
variable  were  compared  as  to  the  number  in  each  group  showing  an 
increase  in  variability  from  training  period  to  test  period.  A  separate 
chi  square  was  run  for  each  of  the  experimental  variables  with  the 
result  shown  in  Tables  6,  7  and  3. 

From  these  data  it  is  clear  tha.  th--  level  of  task  illuminatiof.  did 
not  influence  the  reliability  of  the  dial  settings.  This  isn't  amazing 
considering  the  fact  that  the  dial  setting  task  rested  on  kinesthetic  and 
not  visual  information.  However,  the  chi  square  values  for  both  the 
noise  and  temperature  variables  are  significant,  so  that  an  effect  from 
experimental  variations  of  these  2  variables  on  this  skill  is  indicated. 
The  exact  interpretation  of  these  effects  is  ambiguous,  since  the  sig¬ 
nificant  chi  square  values  resulted  not  only  from  *he  decreased  re¬ 
liability  under  the  high  stress  levels,  but  also  from  the  increased  re¬ 
liability  under  the  low  stress  levels.  It  is  at  least  a  plausible  hypothesis 
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that  the  low  stress  levels  of  noise  and  temperature  had  no  effect  upon 
this  kinesthetic  skill.  The  decreased  variability  is  probably  attributable 
to  an  improved  pertormance  with  practice.  The  decreased  reliability 
of  dial  setting  under  high  noise  and  temperature  stress  could  be  in¬ 
terpreted  as  arising  from  a  decremental  influence  which  was  sufficiently 
great  to  impede  the  natural  course  of  improvement  with  practice  and 
produce  instead  a  decreased  reliability  of  dial  setting  during  the  test 
trials. 

A  further  analysis  of  the  effect  of  the  stresses  on  performance 
variability  was  made  in  terms  of  *  .e  time  scores.  For  this  purpose 
variability  in  the  total  tim~  on  the  third  test  trial  was  compared  with 
the  variability  in  the  total  time  for  the  post-test.  This  involved  a 
difference  test  between  scores  made  by  the  same  subjects  so  a  test  for 
the  difference  between  correlated  standard  deviations  was  made.  Only 
the  subjects  in  the  highest  stress  level  on  each  variable  were  used  for 
the  separate  tests  so  as  to  maximize  any  difference  found.  The  results 
are  shown  in  Table  9. 

These  results  may  be  interpreted  as  indicating  that  all  3  sources 
of  stress,  after  a  sufficient  period  of  time,  serve  to  increase  the 
variability  in  subject  speed.  Individual  differences  in  manual  dexterity 
thus  may  be  relatively  unimportant  if  the  task  attempted  is  a  simple 
one  performed  under  relaxed  conditions.  If,  however,  stressful  situ¬ 
ations  are  anticipated,  selection  must  be  done  more  carefully,  since 
any  differences  can  be  expected  to  become  exaggerated  as  the  spread 
of  performance  increases. 

The  question  arises  as  to  the  relationship  between  speed  and  accu~ 
racy  on  this  task.  For  this  purpose,  a  Pearson  coefficient  was  com¬ 
puted  between  the  range  of  dial  settings  and  the  average  total  time  on 
the  test  trials.  The  obtained  r  was  y.  273  which  with  38  degrees  of 
freedom  (d.f. )  produced  a  P  value  slightly  short  of  the  .0$  level.  Thus, 
there  is  a  low  but  stable  relationship  between  the  speed  and  accuracy 
of  performance.  The  relatively  low  value  obtained  is  most  likely 
attributable  to  the  slight  tendency  for  very  slow  subject*  to  make  more 
careful  adjustments  and  for  very  ay  eedy  subjects  to  carry  tL-ir  set  for 
speed  over  to  the  accuracy  tasks.  In  any  event,  individual  prediction 
from  speed  to  accuracy  of  performance  under  stress  is  poor. 

The  total  performance  curve  is  of  some  interest  in  indicating  the 
character  of  the  task  used.  Figure  2  shows  a  plot  of  the  average  totai 
time  scores  for  all  groups  on  the  7  breakdowns  and  re-assemblies  of 
the  equipment.  Trials  1,  2  and  3  were  training  trials;  4,  5  and  6  the 
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test  trials,  and  trial  7  the  post -test.  It  is  apparent  that  the  first  3 
trials  show  an  almost  linear  increase  in  skill  at  this  task.  The  next  3 
trials  show  another  linear  decline  in  to*al  time  required,  but  not  at  as 
great  a  rate.  The  fact  that  the  post-te3t  score  is  only  slightly  lower 
than  the  third  training  trial  implies  that  a  good  deal  of  the  decline  in 
total  task  time  during  the  test  trials  is  attributable  to  an  adaptation  to 
the  stressful  conditions.  It  is  liktly  that  performance  speed  on  this 
task  is  roughly  at  maximum  by  the  fourth  or  fifth  trial  and  almost  surely 
so  by  the  seventh  trial.  The  observation  of  importance  is  that  this  task 
combined  a  representative  degree  of  maintenance  task  simulation  with 
a  rapid  learning  rate --a  good  combination  fsi  a  manual  dexterity  talk. 

One  final  analysis  appeared  to  be  of  interest.  It  concerned  the 
cumulative  effect  of  the  stresses.  The  problem  of  obtaining  a  meaning¬ 
ful  measure  of  this  effect  was  solved  by  means  of  a  ratio  score.  Spe¬ 
cifically,  5  time  measurements  were  taken  at  various  convenient  points 
during  the  total  dis -assembly--re -assembly  sequence.  By  computing 
t  ratios  for  correlated  means  for  the  difference  between  the  third  test 
trial  time  scores  and  the  corresponding  post-test  measurements,  it 
was  possible  to  express  the  degree  of  difference  between  the  test  and 
post-test  performance  at  a  series  of  points  throughout  the  task  with  an 
index  which  took  into  account  the  increasing  variance  at  each  of  the 
points.  To  obtain  meaningful  points  along  the  baseline  for  each  of  the 
arbitrary  task  points,  the  average  elapse  of  time  during  the  third  trial 
to  the  point  of  each  comparison  was  used.  Three  curves  were  plotted 
in  this  fashion,  one  for  each  of  the  maximum  levels  of  the  3  stress 
variables.  The  graph  obtained  is  shown  in  Figure  3. 

Consider  first  the  temperature  stress  curve,  which  shows  the  least 
ambiguous  pattern.  The  6  ratios  rise  steadily  from  the  early  part  of 
the  task  to  the  end,  indicating  that  the  action  of  tin.  temperature  variable 
is  cumulative.  However,  the  slope  of  the  curve  is  much  less  from  the 
third  point  on  than  over  the  first  3  points,  suggesting  that  an  upper 
limit  is  being  reached. 

The  noise  stress  curve  is  complicated  by  the  inversion  at  the 
second  measuremer.*  point.  Other*  ie,  the  cumulative -leveling  effect 
seen  in  the  temperature  variable  is  reported  here.  Whether  the  in¬ 
version  is  a  significant  one  is  unknown,  but  it  might  be  interpreted  as 
an  immediate  adaptation  to  the  noise,  which  gives  way  later  to  the 
prolonged  irritations  and  stresses  of  'inescapable,  high-level  noise. 

The  illumination  variable,  it  is  interesting  to  note,  shows  a  very 
high  stress  effect  immediately  and  then  falls  off  to  a  slightly  lower 
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1  ev»1  and  remains  relatively  constant.  This  is  understandable  in  terms 
of  visual  light  adaptation  between  the  first  and  second  measurements. 
Apparently,  little  cumulative  stress  can  be  expected  from  reduced 
illumination  of  the  level  used  here,  though  it  will  produce  rather  in¬ 
tense  decrements  at  a  constant  level. 

An  examination  of  the  probability  levels  of  the  various  t's  entering 
into  these  3  curves  shows  that  they  do  not  reach  the  .  35  level  of  confi¬ 
dence  until  the  third  point  of  measurement  on  the  noise  variable,  while 
cn  the  illumination  and  temperature  variables  they  are  in  excess  of 
this  value  throughout  the  task.  Vhe  line  at  t  -  2.  093  indicates  the  .  0t> 
level  for  the  graphed  t  values. 

The  significance  of  most  of  the  data  of  this  study  has  been  dis  - 
cussed.  One  point,  however,  needs  elaboration.  This  is  the  fact  that 
sources  of  stress  not  physically  relevant  to  manual  dexterity  were 
shown  to  affect  its  efficiency.  This  is  the  case  with  illumination  stress 
to  some  degree,  but  is  clearest  with  regard  to  the  stress  resulting 
from  the  tank  engine  noise.  It  would  be  reasonable  to  assume  that 
sources  of  stress  which  directly  affect  the  body  surfaces  of  the  subject 
will  influence  motor  skills.  Low  temperature  is  an  example  of  such  a 
physically  relevant  source  of  stress.  That  this  factor  acts  to  decrease 
manual  skills  is  not  very  surprising  and,  in  fact,  has  frequently  been 
empirically  demonstrated  to  do  so.  However,  continuous  hig^t -level 
noise,  and  to  a  lesser  extent,  moderately  reduced  illumination  are  not 
related  to  motor  efficiency  in  any  direct  fashion.  There  are  no  clear 
reasons  why  they  should  be  expected  to  influence  dexterity.  However, 
it  is  clear  from  the  data  presented  here  that  their  influences  are  rel¬ 
atively  strong  - -illumi  .tation  stress  produced  more  decrements  than 
the  more  physically  relevant  cold  variable  and  noise  stress  approxi¬ 
mated  that  of  temperature.  This  implies  that  the  effect  of  any  environ¬ 
mental  extreme  is  to  produce  an  intervening  stress  state  whose  effect 
is  sufficiently  generalized  to  affect  negatively  a  wide  variety  of  be¬ 
haviors.  In  fact,  it  appears  that  a  useful  distinction  can  be  made 
between  generalized  and  specific  stress  in  all  research  of  this  type. 

All  specific  stresses  apparently  produce,  in  addition  to  specialized 
effects  on  certain  sensory -m«  or  tystems,  a  more  pervae'"*  tension 
state  which  acts  to  produce  an  ov  -  rail  reduction  in  behavioral  efficiency. 
The  action  of  this  generalized  stress  state  can  be  equal  or  greater  than 
the  more  focalized  stress  of  directly  relevant  annoyances.  This  fart 
should  oe  given  greater  attention  by  those  investigating  environmental 
stresses.  It  ia  possible  that  the  major  cause  of  inefficiency  resides  in 
generalized  psychological  tensions  and  that  the  maani  for  alleviating 
these  stresses  are  quite  different  from  the  means  for  alleviating  the 
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specialized  influences  of  environmental  pressures.  A  systematic  study 
of  the  locus  and  extent  of  generalized  tension  states  appears  to  be  ap¬ 
propriate.  It  is  at  least  a  possibility  that  men  may  be  able  to  withstand 
much  higher  levels  of  specific  discomforts,  if  their  generalized  tension 
level  is  low. 

iv.  conclusions 

A  reliable  measure  of  motor  skills  can  be  obtained  within  a  task 
which  closely  simulates  line  maintenance  conditions. 

A  number  of  representative  environmental  stresses  act  to  depress 
both  the  speed  and  accuracy  of  these  skills. 

Length  of  exposure,  as  well  as  intensity,  are  important  determi¬ 
nants  of  behavior  changes  under  stress. 

V.  RECOMMENDATIONS 

When  designing  stress  protection  devices  for  line  maintenance 
functions,  it  is  necessary  to  consider  sources  of  stress  other  than 
those  most  apparently  involved  in  the  work.  In  this  investigation  it 
was  shown  that  the  psychological  stress  arising  from  prolonged  ex¬ 
posure  to  high  level  engine  noise  can  act  to  produce  impairment  in 
gross  mechanical  skills.  Thus,  if  high  level  noise  exposure,  poor 
illumination  or  co’d  exposure  a  ,*e  unavoidable  in  such  work,  provision 
should  be  made  for  systematically  relieving  the  workers.  The  necessi¬ 
ty  for  such  stress  relief  peHods  increases  as  exposure  time  mounts. 

Research  should  be  extended  on  combined  stresses  to  include  more 
extensive  sampling  of  stress  values  and  less  gro»£  measurements  of 
stress  effect,  e.  g.  perceptual  efficiency,  vigilance,  etc. 

Attempts  should  be  made  to  develop  means  for  alleviating 
"generalized"  stress  reactions. 
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TABLE  1 

EXPERIMENTAL  CONDITIONS  USED  DURING  STRESS  TRIALS _ 

_ LOW  TEMPERATURE _ HIGH  TEMPERATURE _ 

LOB  ILLUMINATION  HICH  ILLUMINATION  LOT  ILLUMINATION  HICH  ILLUMINATION 
LOB  NOISE  I  HIGH  NOISE  LOT  NOISE  I  HIGH  NOISE  LOB  NOISE  I  HIGH  NOISE  LOB  NOISE  I  HICH  NOISE 


TABLE  2 

AVERAGE  TOTAL  TIMES  DURING  TRAINING  CONDITIONS 


AVERAGE  TOT*-  TIME 


TEWERATURE  STRESS 

NOISE  STRESS 

ILLUMINATION  STRESS 

High 

High 

High 

14. M  aia 

High 

High 

Low 

13.0*  “ 

High 

Low 

High 

14.12  “ 

High 

Low 

tow 

13.(0  “ 

Low 

High 

High 

15.(7  “ 

Uv 

High 

tow 

12.(4  " 

Lo* 

Lm 

High 

12.(4  * 

Low 

Low 

tow 

15.72  " 

TABLE  3 

ANALYSIS  OT  VARIANCE  OF  THE  AVERAGE  TOTAL  TIIC  DURING 
TRAINING  FCR  THE  I  EXPERIMENTAL  CONDITIONS 


TABLE  4 

AVERAGE  TOTAL  TINES  UNDER  TEST  CONDITIONS 


A VERA  (X  TOTAL  TI»C 


TEMTOtATOHT  STRESS 

.iOISE  STRTSS 

II  IMU  ITICN  STRESS 

High 

High 

High 

21.7(  air 

High 

High 

Lo* 

14.(7  - 

High 

Lo* 

High 

17. (7  “ 

High 

Lo* 

Lo* 

13.27  ” 

Low 

High 

HigL 

1 (.53  “ 

Lo* 

high 

Lb* 

12.52  ” 

Low 

Low 

High 

33.73  " 
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TABLE  5 

ANALYSIS  OF  VARIANCE  OF  TOE  AVERAGE  TOTAL  TIME  DURING  THE  TEST  TRIALS 


Source  of  Variance 

Sub  of  Squares 

KSS 

Mean  Square 

F  Ratio 

Between  Tenperatures 

93.51 

i 

MEM 

9.64** 

Between  Noise  Levels 

90.60 

i 

n 

9.34** 

Between  Illuwinations 

1S9.66 

i 

169.66 

17.49** 

Teaperature  x  Noise 

5.54 

i 

5.54 

,57 

Tenperature  x  Illusinatioa 

3.61 

i 

3.61 

Noise  x  Illuuination 

17.93 

i 

17.53 

Tewperaturw  x  Noise  x 

I  lrcn  mat  ion 

Is.  5c 

1 

14.56 

Within  Groups 

310.3d 

32 

9.70 

Total 

705.79 

39 

"  .01  Point  or  bottor 


TABLE  6 

COMPARISON  Of  THE  RANGES  OF  DIAL  SETTING  BETWEEN  TRAINING 
AND  TEST  UNDER  2  TEMPERATURE  LEVELS 


Subjects  Showing  Increased  Range 


Subjects  Showing  Decreased  Range 

il  -  3.(4 
4.1.  a  1 
P<  .01 


14°  F.  41°  F. 


12 

6 

18 

(9)* 

(9)* 

9 

14 

22 

(ID* 

(ID* 

20 

20 

40 

TABU  7 

COMPARISON  OF  TOE  RANGES  OF  DIAL  SETTING  BETWEEN  TRAINING 
AN)  TEST  UNDER  2  NOISE  LEVELS 


100  db  80  db 


Subjects  Shewing  Increased  Range 

14 

4 

18 

(9)* 

(9) 4 

Subjects  Shewing  Decreased  Range 

6 

16 

22 

x2  ■  10.2 

(11)» 

(ID* 

d.f .  •  1 

P  <  .01 

20 

20 

40 

*  Nuebers  in  parenthesis  indicate  the  frequency  expected  f row  tbs  xarginal  totals 
of  the  tables. 
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TABLE  8 


COMP  AH  ISON  OF  THE  RANGES  OF  DIAL  SETTING  BETWEEN  TRAINING 
AND  TEST  UJCER  2  ILUJN'NATICN  LEVELS 


High  Loa 


Sabjacta  Showing  Incraaaad  Ranga 

10 

8 

18 

(9)  * 

(9)* 

Sub J act a  Showing  Dacraaaad  Ranga 

10 

12 

22 

Cll)* 

(111* 

x2  •  .40 

d.f.  a  i 

20 

20 

40 

P.  -  .54 

*  Ifcabara  la  paraathaala  indloata  tba  fraqaancy  axpactad  froa  tha  aarqlaal  totala 
of  tha  iablaa. 


TABLE  9 

COMPARISON  OT  TW  TI1C  SCORE  VARIABILITY 
BETWEEN  THE  THIRD  TEST  TRIAL  AND  POST-TEST 


Taaparatura  Straaa 

t  -  2.24 

P  •  .04 

Nolaa  Straaa 

t  ■  2.04 

P  •  .0« 

IllualMtioa  StrMi 

t  -  3.51 

?  -  <.01 
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FIG.  2.  PREFORMANCE  CURVE  FOR  ALL  SUBJECTS  THROUGH  THE  SEVEN 
TRIALS  ON  THE  APPARATUS 
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2001  Connecticut  Are,  NW 
boshing mn  8,  0.  C 

RCAMC  Liaison  Officer  3 

Surgeon  General’s  Office 

Dapstansnl  of  the  Artsy 

Room  2143 

Main  Navy  Building 

Washington  23,  D.  C 

THRUt  The  Foreign  Service  of  the  1 

United  Stases  of  America 
United  States  Army  Liaison  Office 
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(for  clsart eg  and  forwarding  lei) 

The  Deputy  Director  of  Army  Health 
Far  East  Land  Forces 
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MEDICAL  LIBRARY 

Medical  College  of  Alabama  Library  1 

420  South  20th  Street 
Birmingham  5,  Alabama 

Ya la  Univ  Medical  Library 

332  Coder  Street 

New  Haven  1),  Connecticut 
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Deportment  of  the  Air  Force  1 

Headquarters  USAF 

Director,  Research  &  Development  DCS/0 
Workington  25,  D.  C 
ATTN:  AFDRD-HF 

Arctic  Aeromedical  Laboratory  1 

APO  731,  c/o  Postmaster 
Seo'tle,  Washington 
ATTN:  Librarian,  AAL 
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Air  Research  &  Development  Cummond 
ATTN:  RDTRH 
PO  1393 

Baltimore  3,  Maryland 
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Dayton  2,  Ohio 
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IS*  H  Street  NW 
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Dap  art  men*  of  Physiology  1 

University  of  Rochotist 

School  of  Medicine  t  Don  tic  try 

340  Crittenden  Blvd 

Rodiottor,  Now  Yatb 

Nett  anal  Research  Council  1 

Division  of  Medical  Science 
3101  Constitution  Ave 
Washington,  D.  C 

Natl  and  Institutes  of  Health  1 
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BathosdP  14,  Maryland 

FOREIGN  ADDRESSES 

British  Navd  A  Army  Medicd  Liaison  3 
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Washington,  0.  C. 
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CMnwJi  ng  Goner  g| 

Aberdeen  Proving  Ground,  Maryland 
ATTN:  Human  Fnginvaring  Laboratory 
Commanding  Officer 
Army  Field  r areas  Human  Ra  march 
Unit  Nr  1 

Tha  Armor  ad  Cant  ar 
Fort  Knox,  Kentucky 

CSronermastar  3aarJ 
Fart  urn,  Virginia 

Praaidant 

Beard  Nr  %  OCAFF 
Fart  Knee,  Kantucky 


Praaida  ■* 

Board  Nr  3,  OCAFF 
Fart  Banning,  Gaargia 

Commanding  Officer 

Frank ford  Arsenal 

Philadelphia  37,  Pannayivania 

ATTN:  Human  Enginaaring  Mission  (LC) 

Ordnanca  Cmgs 

Detroit  Artenal 

Cantor  Lina,  Michigan 

ATTN:  Mr.  J.  0.  Gel  lorn  bar  da  XROMX-ECO 

Commandant,  Ad|utant  Ganarai's  School 


Fart  Ban|amin  Harrison 
Indianggalia  Id,  Indiana 

Ad(ufani  Ganarai's  Office 
Parmmsal  Rasaarch  Branch 
Dapmhatnl  a<  tha  Aram 
Washington  23,  D.  C. 

Praaidant,  Army  Plaid  Faraaa 


Fort  Bragg,  North  Carolina 
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Director 

NmrM  Research  Lakarotary 
Waahlngtan  25,  0.  C 

Cammandlng  ONI  car 

U.  5.  Naval  Madlcal  Rasaarch  Unit  Nr  t 
3ldg  T- It,  Univarsity  al  California 
dorhelay  4,  Calllamia 

Offices  In  Charga 

U.  5.  Naval  Paraannal  Raaaarch  Plaid 
^  Aativttjr 

VhdMl  CanarHvtlan  Ava.,  NW 
Washington  25,  0.  C. 


Olr actor,  Operations  Evaluation 
Oraug  (CF-374) 
taou  40  541,  Tha  Pentagon 
Washington  25,  D.  C. 
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Soaaial  Day  I  car  Cantor 
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Board  Nr  4 
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Human  Rasaarch  Unit  Nr  2 

P.0.  Baa  444 

Fart  0v4,  California 

Diractar  ] 

Human  Ramurces  Rasaarch  OHica 

P.0.  Sac  3574 

Washington  7,  D.  C 

ATTN:  Library 

Human  Rsmarch  Unit  Nr  3  1 

OHica,  Chivi  oi  Army  Fiald  Forcaa 
Far:  Canning,  Gaargia 

Ogaratians  Rasaarch  OHica  1 

1413  Cannacticut  Aaanua 
Chavy  Cham.  Mmyland 
ATTN:  Tha  Library 

OHica,  Chiai  al  Ordnanca  I 

ATTN:  OROTB-PA  Tha  Panragan 
Washington  23,  D.  C 

Oaaratiana  Paraannal  Raaaarch  Div  1 


OHica  al  Chiai,  Raaaarch  A  Dev  stagnant 
Osguty  Chief  at  Staffs  far  Plans  A Rasaarch 
Room  2C  734,  Tha  Panragan 
Washington  25,  D.  C 

OHica  ad  Chief  Signs!  Officer  1 

Room  2E  254.  Tha  Pentagon 
Waahlngtan  25,  D.  C 

Caoimandlng  Offiaar  1 

Transportation  Ra marsh  A 

Fast  Eestts,  Virginia 


NAVY 

Disaster,  Li.  A  Naval  Air  Fm—lnaatal 


ATTN:  lagt.,  Aara  Madiaai  Egulgmans 
Labs  i  atary 

Philadaiahia  12.  Pannayivania 


U.  A  Naval  Ala  Tear  Cantor 
PsSvaant  Rhrar,  Maryland 
ATTN:  PhyeMlcalasi  Tost  tertian  of 
Savviaa  Tost 


U.  ANmry  tlastranlcs  L  skat  story 
ATTN,  Hoad,  Homan  Pastors  Division 
San  Diage  >2,  Caiifamia 

Off i so  of  Naval  Rosaarsh 


Oogartmant  of  the  Navy 
Washington  25,  0.  C 
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AIR  FORCE 
Commander 

Air  eorcc  Operational  Test  Cantor 
ATTN:  Technical  R apart t  Branch 
Elgin  Air  Farce  Baca,  Florida 


Lackland  Air  Farca  8asa 
San  Antanlo,  Taaaa 

Assist  ant  far  Ground  Safety 
DCVP~'S,  Headquarters,  USAF 
Washington  25,  0.  C. 

AFFT  Research  Cantor 
Liaisan  Officer 
Denary  Chief  at  Staff 
Ooaratiens,  Headquarters 
Air  Training  Command 
Saatt  Air  'area  Base,  Illinois 


INDIVIDUALS 

IV.  Frank  a.  GeJdsrd 
Faakady  Hall 
University  af  Virginia 
ChmleSSoevH  I  a,  Virginia 

Or.  Wiliam  E.  Kangauf,  Jr. 
Dsn mheoiil  af  Fsycfwlogy 
University  af  Illinois 
Urbane,  Illinois 

(V.  Larrin  A.  Riggs 
PagmtmeiH  af  Psychology 


varsity 

a  1Z  Rhode  Island 


Or  Eilat  Stellar 

Janas  Hagklns  University 

Paysholsgy  Osgsrtmsnt 

Balttemre  IS,  Maryland 

Or.  Marfa  Lsarsasa 

S.  &.  Ravage  Medical  Rasaarah  Bldg 

Uni  varsity  af  Michigan 

Ann  Arbar,  Michigan 
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Hall,  TuHa  Callage 
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sas  Ftafa  I  1 
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Director 

Armani  ant  Systems  Par  senna!  Research 
Laboratory 

Loavy  Air  Force  Base,  Color  ode 

Director 

Basic  P’lat 

Good  fallow  Air  Farca  Base,  Taras 

Human  Factors  Ot  or  orient 

Rosaorch  L  soar  story 

Air  Sr  search  end  Development 

Command,  USAF 
Balling  Air  Force  Base 
Washington  25.  D.  C. 

The  Rand  Carperatiea 
1700  Main  Sir  eat 
San.,  ivnica.  Caiifamla 
ATTN:  Mr.  Victor  M.  Hunt 

INDIVIDUALS 
Or.  William  A.  Hunt 
Dogartmant  af  ■tyebvlagy 
Nsnha  seisin  Uni  varsity 
Evan stan.  Illinois 

Dr.  Anthony  Loose 
Inatinrto  af  IndoatrlM  Medicine 
New  York  University 
Bellevue  Modfeaf  Cantor 
477  First  Avanaa 
Near  York.  New  York 

Or.  Harold  Sohlesharg 
Fsychalagy  Labor aiery 
Brawn  Univarsity 
Providence  12.  Rhada  Island 
Or.  Willard  Mashla 
Baas  Rotate  Florida 

Or.  Marten  Mai  ear 

lean  tuts  of  Industrial  Medicine 

Near  York  University 

Bellevue  Medical  Cantor 

477  First  Avanaa 

Near  York,  New  York 
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Day  art  mo  nr  af  Psychology 
University  af  Rash  a  at  or 
Remaster  },  Near  Verb 
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